Introduction
A healthcare associated infection, shortly care infection, is an adverse event not present at admission in a hospital or long term care facility (LTCF) and a large proportion can be prevented by appropriate infection prevention measures. In Belgium, the National Surveillance of Infections in Healthcare settings (NSIH) monitors risk factors and outcomes of healthcare associated infections. In charge is the service "healthcare associated infections and antibiotic resistance" of Sciensano, previously the scientific institute of public health (WIV-ISP). Antibiotic use is monitored as it remains the most important factor to influence resistance. Our service also assists in the biennial national hand hygiene campaigns that measure the compliance of hand hygiene. We also collect specific quality indicators related to infection prevention and control. Since
Intensive care units & surgical site infections
Since 1997, Sciensano has been organizing the national surveillance "Infections acquired on intensive care units (ICU, intensive care units)" and since 2000 the national surveillance "Post-operative wound infections (SSI, surgical site infections)". Since 2003, the ICU and SSI surveillance use European definitions and data collection methods. These have been issued since 2008 by ECDC (European Centre for Disease Prevention and Control, Stockholm, SE). Due to the sporadic participation in the SSI surveillance during the last few years (annually <5), no national report was published in 2015. In 2017, both surveillance protocols and software (NSIH win) of the ICU and SSI surveillances were updated [4] [5] [6] .
Results of the ICU surveillance are available up to and including 2015 [7] . In 2015, the average length of stay of the follow-up patients was 7.9 days for ICUs. The average use of respiration (via invasive intubation) and central lines (central vascular catheter, CVC) was 443 intubation days and 738 catheter days per 1000 ICU days, respectively. On average, 4.2% of the follow-up patients in 2015 acquired pneumonia (pneumonia) on ICU. The incidence of ICU-acquired pneumonia was 6.7 episodes per 1000 days of hospitalization, whereas that of intubation-associated pneumonia (IAP) was 8.5 episodes per 1,000 intubation days. In particular, the latter indicator is undergoing a declining historical trend, with the incidence of IAP in 2015 being only 30% of that of 1997 ( Figure 1 ). The incidence of ICU-acquired BSI in 2015 was 2.2 episodes per 1000 patient days and for CVC-associated BSI the incidence was 2.1 episodes per 1000 CVC days. The incidence of BSI with "catheter" or "unknown" as documented origin was 1.3 episodes per 1000 patient days. Whereas the surveillance of BSI shows a downward trend in incidence, this decrease is not confirmed so far in the surveillance tailored for the intensive care department. Note that in addition to the classical microorganisms, Candida species (C. albicans and C. glabrata) have been reported almost continuously in the top 10 of most common organisms in recent years [7] .
Surveillance of acquired antibiotic resistance
For 2016, the overall average methicillin resistance prevalence among all reported S. aureus isolates was 15.9% in hospitals. The mean incidence of nosocomial (not present at admission) Methicillin Resistant S. aureus (MRSA) was 0.9 cases/1000 admissions (0-5.2/1,000) or 0.14 cases/1000 hospital days (0-0.57/1000). The trend of these resistant bacteria, favorable evolving since 2004, is presented in figure 2a . An opposite evolution is observed regarding the incidence and multi-resistance in Gram-negative microorganisms, with natural habitat in the gut (Table 1, Figure 2b ). In 2016, the mean proportion of ESBL (extended spectrum beta-lactamase) production was 12.3%, 7.7% and 18.6% for Enterobacter cloacae (including screening samples), E. coli and K. pneumoniae, respectively. The mean incidence per 1000 admissions of ESBL-producing Enterobacteriaceae in 2016 was 1 The purpose of this review is to provide an overview of the most recent evolutions in occurrence of healthcare associated infections, antimicrobial resistance, antimicrobial consumption, sustaining hand hygiene campaigns, outbreak support results and related projects in Belgium.
Surveillances in Acute Care Hospitals

Surveillance of bloodstream infections
Bloodstream infections (BSI) are very serious with often a fatal outcome. The surveillance of hospital acquired (synonym nosocomial, by definition >2 days after hospitalization) BSI exists in Belgium on a voluntary basis since 1992. Since 2014, participation became mandatory. The nationwide incidence for 2016 (7.8/10,000 patient days) is comparable with recent years [2] . As in previous years, in 2016 we found a large variability between hospitals. This suggests possibilities for prevention and a further need for data validation. BSIs are most commonly reported in tertiary hospitals (university character). The departments that are most frequently affected are the intensive care units (an approximately four times higher incidence in the intensive care unit in 2016 than the incidence for the entire hospital).
The most common origin of BSI acquired in the hospital was a central line (Central Venous Catheter; CVC), although these have been reported less since 2013 until 2016 [2] . Of all hospital-associated bloodstream infections, 40% was directly (CVC) or indirectly (urinary probe or endotracheal tube) associated with an invasive device in 2016. Compared to 2013, the hospital wide central line associated BSI incidence decreased in 2016. These infections associated with an invasive device are a priority for interventions [2] . Escherichia (E.) coli (23%) and Staphylococcus (S.) aureus (11%) were the most common microorganisms isolated from hospital-associated BSI in 2016. The incidence of hospital-associated BSI with E. coli and Klebsiella (K.) pneumoniae has increased continuously since 2000. From 1 July 2017, the input of surveillance data for BSI will take place via a new ICT platform called Health data [3] .
Accronym Microorganism
Antibiotic resistance
Habitat MRSA
Staphylococcus aureus
Met 
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O p e n H U B f o r S c i e n t i f i c R e s e a r c h enterococci (VRE) is suspected, the optional surveillance is too young to be able to indicate a significant trend. Enterococcus (E.) faecalis was by far the most frequently reported species in 2016 (65.1% of all isolated enterococci in 95 hospitals), three times more frequent than E. faecium (19.5%). Resistance, however, was more frequent in the latter microorganism, with 1.5% resistant to glycopeptide (vancomycin + teicoplanin) compared with 0.03% in E. faecalis.
Surveillance of acquired antibiotic resistance in invasive pathogens
The European Antimicrobial Resistance Surveillance Network (EARS-Net) monitors the evolution of acquired antimicrobial resistance at European level [9] . This is done voluntarily on the basis of results that are communicated to Sciensano as standardized and automatically as possible by clinical laboratories [10] . To keep the European numbers as comparable as possible, the results are limited to those of invasive isolates (blood and cerebrospinal fluid) of eight pathogenic bacteria species: S. aureus, Streptococcus pneumoniae, E. faecium, E. faecalis, E. coli, K. pneumoniae, Pseudomonas aeruginosa and Acinetobacter species. Other findings, however, emphasize the need for further vigilance. Klebsiella pneumoniae is losing more and more sensitivity to cephalosporins of the 3rd generation and also to carbapenems, resulting in average resistance rates of 22.9% and 2.4% respectively. After a decline in gentamicin resistance in E. faecalis to 12.5% in 2015, we were able to see a strong increase in 2016 (19.8%). Resistance levels of P. aeruginosa versus ceftazidime, carbapenem, aminoglycosides, amikacin and fluoroquinolones all increased in 2016 compared to 2015. For more details and a detailed discussion of the results, we refer to the Belgian EARS-Net annual report [9] .
Surveillance intrinsic antibiotic resistance -Clostridium difficile infections
Clostridium difficile (CDIF) infection is a major cause of diarrhea and pseudomembranous colitis, acquired often in the hospital and chronic care institutions, with an estimated 4,000 episodes in Belgian healthcare settings per year. Antibiotics, usually given for another bacterial infection, are by far the most important risk factor for contracting this infection because C. difficile is naturally (intrinsic) resistant to various antibiotics. Ribotyping is done on a selection of strains sent to the National reference centre (UCL, Mont Godinne, Michel Delmée). The hypervirulent strains BRO27 and BRO78 continue to circulate nationwide in hospitals and are reported in 26% and 38% of hospitals, respectively. Despite new diagnostics and the emergence new treatments like faecal transplantation [11] , the cautious use of antibiotics remains the most meaningful and necessary way to keep C. difficile in Belgium under control.
for Enterobacter cloacae, 5.86 for E. coli, and 3.36 for K. pneumoniae. An increase in Carbapenemase-Producing Enterobacteriaceae (CPE) has also been observed since 2012 until 2016. The mean proportion of carbapenemase positive E. cloacae, E. coli, and K. pneumoniae in 2016 was respectively 1.4%, 0.1%, and 1.1%. Trends of antibiotic resistance in these organisms are similar to those observed in other EU countries [8] . Although an increasing trend in vancomycin resistant 
Surveillance of Antibiotic Consumption
Antibiotics, together with antimycotics (fungicides and yeastfighting agents) and tuberculostatica (anti-tuberculosis) belong to the group of antimicrobial medicines. Sciensano, in close cooperation with the RIZIV-INAMI (Belgian National Institute for Disability and Disability Insurance -Service Research, Development & Quality and Pharmanet), monitors the use of ambulatory practice (general practitioners) and intramural use (hospitals en large chronic healthcare settings). The emphasis on analysis of this consumption is currently on the antibiotic selection pressure at large, given that this is the most urgent resistance issue in Belgium and neighboring countries [12] .
Selection pressure in ambulatory practice -(general practitioners, GPs)
ESAC-Net is the European network of national surveillance systems of antimicrobial consumption [13] . In Belgium, the RIZIV-INAMI consumption data were extrapolated for this to 100% for the entire Belgian population [14] . Use is expressed in the number of prescribed daily doses per 1000 inhabitants (DID). The ESAC-Net numbers for Belgium show that in 2016 the use of antibiotics for systemic use (J01) in the ambulatory sector declined compared to previous years (27.51 DID, 6.1% decrease compared to 2015). The trend of antibiotic use over the years, with a subdivision of the antibiotics subclasses, is shown in figure 4 . The largest decrease in consumption was seen in the group of penicillins (J01C), specifically determined for penicillins in combination with a beta-lactamase inhibitor (J01CR, decline in 2016 of 14.5% compared to 2015). In addition, in 2016 there was also a decrease in the consumption of other antibiotics classes compared to the previous year, mainly for second generation cephalosporins (J01DC, -8.1%), fluoroquinolones (J01MA, -7.6%) and macrolides (J01FA, -2.1%). Nevertheless, the use of azithromycin (+ 4.7%) does continue to rise.
Selection pressure intramural -hospitals
The use of antibiotics for systemic use (J01 [15] ) in acute Belgian hospitals (N=102) in 2016 is comparable with previous years with a median of 577.1 DDDs per 1000 days of hospitalization. The antibiotic use was higher in the tertiary hospitals (N=7, median: 715.0 DDDs per 1000 hospital days) in comparison with the other hospitals. The most commonly used antibiotics classes were 'penicillins in combination with a beta-lactamase inhibitor' (J01CR, 34.3% of the total number of DDDs in J01), followed by the 'fluoroquinolones' (J01MA, 11.0%). The top 3 antibiotics with the highest consumption consisted of amoxicillin in combination with clavulanic acid (J01CR02), ciprofloxacin (J01MA02) and cefazolin (J01DB04) ( Figure 5 ).
Based on the current numbers for 2016, we can cautiously speak of a decrease in antibiotic use in the ambulatory sector. This, as well as the decrease for specific groups such as the fluoroquinolones, is in line with specific objectives of the national strategic plan to combat antimicrobial resistance [16] . Despite this decline, this consumption remains high compared to other European countries [17] . In hospitals, the use of antibiotics remains stable over time. Therefore, further use should be made of the responsible use of antimicrobial agents. A surveillance based on diagnoses (e.g. APR-DRGs: All Patient Refined Diagnosis Related Group) can help provide more focused feedback for prescribers.
Cross Sectional Studies in Long Term Care Facilities
Both national (BAPCOC-funded) and international (ECDCfunded) point prevalence studies on antimicrobial resistance and 
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With regard to the different specialties, there was a general increase in the compliance with hand hygiene with the best results on the services pediatrics/neonatology and ICU. Figure 6 shows the increase in compliance with hand hygiene on the ICU services. Note that in 2012 a new software application (NSIHweb2.0) was launched with an increase in both the number of observations (approximately quadrupled) and a significant improvement in hand hygiene [19] .
Outbreak support team (OST)
The Outbreak Support Team for multidrug resistant organisms (MDRO-OST) was established in 2014 to support healthcare institutions in their management of an MDRO outbreak and strives for appropriate help. This assistance encompasses various levels: scientific advice, guidance on prioritization of measures, mediating role between different actors, intervention on the ground aimed at constructive dialogue, assessment of the workplace and sampling, and (exceptional) enforcement through formal writing of competent inspection services. The results of the NSIH-surveillances on antibiotic resistance and use are bundled and consulted and discussed with the hospital hygiene team and the care departments involved. The MDRO-OST consists of the health inspections or services infectious disease control of the federated entities, experts of Sciensano (NSIH) and is supported by the relevant national reference centers (NRC) and external experts.
The hospital or residential care institution itself decides to call in the assistance of the OST. This question is possible after the report of the outbreak to the communities/regions ( Table 2 ). The number of here reported outbreaks and the subsequent visits are an objective healthcare associated infections, respectively, are repeatedly done in Belgian long term care facilities, predominantly nursing homes, due to the specific risk factors and intervention strategies related to the residents. (Point prevalence surveys in acute care hospitals also are performed in Belgium, but will be reviewed in a European context elsewhere).
In 2015, a third national prevalence study on resistance to bacteria was carried out among 1,441 residents in 29 Belgian long term care facilities (LTCF). In 2015, 9.0% of the residents were diagnosed with MRSA carriers, 3.2% less than in the previous national prevalence study (2011) . However, this study showed a clear increase in the number of residents, carriers of ESBL-producing Enterobacteriaceae (11.8% in 2015 versus 6.2% in 2011). E. coli was the most frequently isolated ESBL + species (82.7%), followed by K. pneumoniae (14.9%). Furthermore, 2.4% of the residents carried both ESBL + E. coli and ESBL + K. pneumoniae. The relative proportion of K. pneumoniae increased significantly in 2015 (17%) compared with 2011 (5%, p <0.001, linear regression in STATA). Only one resident was a carrier of a CPE and one resident of a VRE. The prevalence of these germs in LTCF residents was therefore very low (<0.1%).
In 2016-2017, a third European prevalence study was conducted on healthcare associated infections and antibiotic use in residential care centers (HALT-3, point prevalence survey on Healthcare associated infections and Antimicrobial use in Long-Term Care Facilities). The organization of the study in the participating European countries was outsourced to Sciensano by ECDC. Between September and November 2016, 165 institutions were recruited in Belgium on a voluntary basis: 158 nursing homes, three psychiatric institutions and four rehabilitation centers. Of the sample residents 4.5% suffered from a healthcare associated infection on the day of the study (minmax: 0.0-17.5%). The most common infections were respiratory tract infections (40.9%), urinary tract infections (29.5%), as well as skin and wound infections (17.2%). Of these, 77.3% of the care infections were linked to their own chronic care institution. The number of residents with at least one systemic antimicrobial treatment was 5.5% (min-max: 0.0-18.3%). The majority of the prescriptions were systemic antibiotics (code ATC J01, 94.4%) and 97.5% were products administered orally. These antimicrobials were prescribed in 82.5% of cases in the health care institution where the resident was staying. Of the prescriptions, 63.7% were curative (therapeutic) prescriptions. Of the preventive (prophylactic, 35.8%) prescriptions, 78.3% was for the protection of the urinary tract.
Thus, vigilance is needed in this type of care institutions and it is certainly useful to regularly repeat such prevalence studies [18] .
Support Campaigns to promote hand hygiene
Every two years a nationwide monitoring of the compliance of the international guidelines on hand hygiene (HH) is organized. Compliance with the HH guidelines increased significantly from 69.1% in 2015 to 77.7% after the awareness period (national weighted average P <0.0001). The percentage of compliance increased for all types of healthcare professionals (around 6% to 12%), with the best results for nurses. Compared with previous campaign results, compliance with guidelines is still significantly higher for 'after patient contact' and 'after exposure to body fluids' compared to 'before patient contact' . The possibility of automation systems (e.g. hand scans upon entry of a ward or room) of hand hygiene in particular for the indication 'for patient contact' should receive consideration for research projects. Results were reported by participating hospital as a weighted mean adjusted for varying number of observed opportunities between hospitals. The median (represented by a horizontal line in each box), the interquartiles (height of the box), the maximum and minimum limits (vertical lines) of the compliance are indicated, as well outliers. Individual data points are not exact, but moved to better visualize the distribution across all hospitals with an arbitrary compliance level accessed via color code over consecutive campaigns; green: good; brown: moderate; red: low. Reproduced from reference [18] distributed under the terms of the Creative Commons. 
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Journal of Epidemiology and Public Health Reviews Open Access Journal observation. This does not reflect the complexity of each specific situation nor the efforts made, but these declarations allow an estimate of the national evolution of outbreaks in time and place in Belgium (etiology, severity and size). In the period 2014-2016, 13 out of 15 outbreaks of bacteria that were difficult to treat were timely brought under control by good cooperation between the Sciensano, the competent authorities and the hospital staff involved (Table 2) .
Quality indicators for hospitals
To stimulate accountability by the hospitals, quality indicators related to infection prevention and control (and scores per hospital) are available to the public since 2013 [20] . A second data collection round took place in 2016 (data 2015) and showed a clear improvement of some weak points compared with the previous data collection round (data 2013), e.g. the integration of a strategic infection control plan into the hospital's strategic plan (39% versus 70%, respectively). Surveillance of SSI remains a point of improvement for a large number of hospitals. The disclosure of such process indicators proved to be a powerful tool for accountability. However, there was no external control of the data and the number of indicators was limited. The protocol will therefore be reviewed by the competent federal hospital hygiene platform of BAPCOC. Sciensano also aims for further harmonization with regional initiatives on transparency within the healthcare sector such as the VIP2 project (www.zorgkwaliteit.be) and PAQS (www.paqs.be).
Concluding Remarks
Sciensano monitors various aspects of healthcare infections, which testify to previous research priorities in a historical context and later evolutions at regional and international level. Our services and research activities are no longer limited to specific healthcare infections or the environment of hospitals, but cover the widest possible range of sub-aspects, including residential care centers. The continuous changing software options offered by data providers and analysts also influence our operations. The immediate feedback of compliance with hand hygiene has greatly increased the number of observations and compliance, but new technologies need to be investigated for further and necessary improvement.
Favorable evolutions were noted for MRSA in all our surveillances and for all types of healthcare institutions. This germ is found on the skin (and in the nose) of carriers, and detection, contact isolation and decolonization with local treatments is possible. The hand hygiene campaigns also played a positive role here. After all, the compliance of hand hygiene has evolved very favorably in recent years and in particular in the ICU since 2013, where a sharp decrease in the number of respiratory healthcare infections has been reported simultaneously.
An unfavorable evolution is seen for healthcare infections that arise from the intestinal tract and this also in the various surveillance and types of care institutions. The intestinal tract is transformed into a multi-resistance reservoir under the influence of a large antibiotic selection pressure. Originally sensitive germs become resistant and originally less sensitive or resistant bacteria are favored. This is clearly reflected in the emergence of multiresistant Gram-negative (ESBL, CPE) and Gram-positive (C. difficile and VRE) bacteria. Such trends are also noticeable in other countries [21, 22] , and the alertness for the problem is therefore increased. These two opposite evolutions are also seen in chronic care institutions, and the prevalence of ESBL carriers in 2015 in these settings was even higher than that of MRSA carriers. Fortunately, the absolute numbers of the difficult to treat intestinal bacteria CPE and VRE remain very limited. Another selection pressure (other antibiotics classes) in LTCF probably lies at the basis here. In the medium term, however, the exchange between different types of care institutions is unavoidable given the percentage of incontinent people in this age group combined with the fact that these germs are stored in the digestive system, unreachable for decontamination and disinfection by hand hygiene. Additional measures on gesture of excreta and environment cleaning are required [23] .
Further integration of our surveys within Health data (data collection) and Health stat (feedback) is in full preparation and this in collaboration with competent working groups (technical unit (TC) MDRO and BAPCOC). In this respect, consideration is given to organizing a quicker feedback and also enabling new threats (e.g. Candida bloodstream infections) to be followed up more quickly. As evidenced by the survey on quality indicators, the surveillance of SSI must be stimulated in Belgium.
The outbound support and cooperation with the competent authorities is good to excellent in the majority of the reports and should be further consolidated with an even quicker feedback of surveillance data from antibiotic use. In the long term, a more restrictive antibiotic policy, of which we are fortunate to notice the first signs (decrease of different classes of beta-lactams and fluoroquinolones) after a long period of increase, is the only sustainable approach to this problem.
